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Abstract

Feed represents the largest cost input in intensive catfish Ictalurus punctatus production.
Daily feed rations are generally related to stocking densities, up to a point at which high
feeding rates begin to affect water quality. There has been no prior research to analyze the
economic interactions between feeding and stocking rates. Econometric techniques were used
to estimate a Just-Pope catfish production function, which was used to compute marginal
products of inputs, and to identify stocking and feeding rates associated with the boundaries
between Stages I, 11, and III of the production function. Survey data collected by USDA
National Animal Health Menitoring System were used for this analysis. Maximum yield, when
accounting for both stocking and feeding rates, occurred at about 30,000 fingerlings/ha. How-
ever, profit-maximizing stocking densities ranged between 16,942 and 21,312 fingerlings/ha,
depending upon expected catfish and feed prices. Farmers stocking at higher rates could be

attempting to maximize yield instead of profit.

Feed, fingerlings, and labor are the three
largest cost inputs (45%, 8%, and 9% of
total costs, respectively) in intensive catfish
Ictalurus punctatus production (Engle and
Kouka 1996). Daily feed rations are gen-
erally related to the stocking density and
size of catfish in a pond. Feed rations typ-
ically increase with increased stocking den-
sity until high feed rates begin to result in
deterioration of water quality. High stock-
ing densities with limited feed may result
in reduced growth of individual fish and re-
duced average yield.

Economic theory indicates that output of
a product (in this case catfish) increases as
input levels increase until a point of maxi-
mum Yyield is reached. If inputs are in-
creased beyond this point, yield will de-
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crease (Kay and Edwards 1994). This pro-
duction function relationship can be esti-
mated econometrically using farm-level
data and is characterized by three distinct
stages. Stage II zones are uniquely associ-
ated with the profit maximization objective
in perfectly competitive input and output
markets (Beattie and Taylor 1985). Profit
maximizing input levels within Stage II can
be derived from the production function,
conditional on input and output prices and
other factors.

Earlier economic analyses of catfish pro-
duction determined that feed, length of
growing season, level of capital intensity,
and stocking density significantly affected
average yield (Lacewell et al. 1973; Pan-
ayotou et al. 1982; Nerrie et al. 1990).
However, these production function analy-
ses were based on datasets with limited ob-
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TABLE 1.
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Summary statistics of continuous variables included in the analysis. (Total usable observations from

the USDA National Animal Health Monitoring System’s Catfish ‘97 survey were 181).

Name and definition Mean £ SD Minimum Maximum
Yield (kg/ha per yr) 3,354 + 1,810 22 7,980
Stocking density (fingerlings/ha) 15,826 + 5,012 1,235 24,700
Feeding rate (kg feed/ha per yr) 9,037 * 4,413 197 24,760
Farm size (ha) 92 *+ 133 2 974

servations of the high stocking densities
and feeding rates that are now common in
intensive catfish production. Other mathe-
matical programming models evaluated ef-
fects of varying stocking densities on farm
income, but did not include alternative
feeding rates (Hansen et al. 1984; Hatch
and Atwood 1988; Engle and Pounds 1994,
Engle et al. 1995). The goal of this paper
is to analyze explicitly the economic inter-
actions between feeding rates and stocking
densities. Our objectives are to investigate
individual and joint impacts of the two in-
puts on catfish yield and to evaluate the
profit maximizing input application levels.
This information would be useful for farm-
ers in decisions related to feeding strategies
for different stocking densities and for
varying feed and catfish prices.

Materials and Methods

Data for this study were obtained from
catfish producer surveys that were conduct-
ed by the USDA: National Agricultural Sta-
tistical Service (NASS) in support of
USDA’s National Animal Health Monitor-
ing System’s (NAHMS) Catfish ‘97 study.
The study covered four states (Alabama,
Arkansas, Louisiana, and Mississippi) that
represented 96% of the total catfish sales in
the United States during 1996 (USDA
1997a). The survey was conducted in two
stages. The first stage (during January
1997) involved telephone interviews of 571
producers regarding catfish health and pro-
duction practices (USDA 1997a). In the
second stage (during April 1997), more de-
tailed information was obtained about cat-
fish management practices from 301 first-
stage respondents (USDA 1997b). Data

from 181 respondents were found usable in
the current analysis. The remaining 120 ob-
servations were rejected for providing in-
complete information.

Survey data related to 1996 catfish pro-
duction included the quantity of food-size
catfish sold during 1996, normal stocking
density, annual quantity of feed fed to food-
fish, feed conversion ratio, and the water
surface area used in production during the
first 6 mo of 1997 (data for the 1996 levels
were unavailable). To estimate a production
function from the 1996 yield and input data,
we assumed that the inventory per farm had
not appreciably changed between 1996 and
1997. From this dataset, several variables
were developed with the potential for ex-
plaining the yield probability distribution.
Table 1 consists of definitions and summary
statistics of those variables having a signif-
icant explanatory power in the empirical
model. Sample means (* 1 standard devi-
ation) from the survey data were 3,354 (=
1,810) kg/ha of catfish produced with
15,820 (£ 4,998) fingerlings/ha and 9,037
(* 5,197) kg/ha of feed. These survey data
indicate that most farms were operating
close to recommended levels of stocking
(approximately, 15,000 fingerlings/ha) and
feeding (catfish yield verification trials in-
dicated a varying annual feeding rate from
5,987 kg/ha per yr to 8,274 kg/ha per yr)
(Heikes 1996). The sample average farm
size was 92 (* 133) ha. Variables related
to pond aeration were available but were
found nonsignificant in the empirical esti-
mations. Labor application data were un-
available for the empirical analysis.

We assumed the existence of an under-
lying technology function, common to the



ECONOMIC INTERACTION IN CATFISH PRODUCTION

population of farms targeted by the survey,
that links annual catfish yield with input
levels and farm-management factors.
Econometric techniques were used to esti-
mate the underlying technology by evalu-
ating the input effects on mean catfish yield
and yield variance. This was accomplished
with a Just-Pope production function model
that parameterizes the expected value and
variance of yield in terms of inputs and oth-
er factors (Just and Pope 1978). The advan-
tage of using the Just-Pope method is that
it completely characterizes the catfish yield
probability distribution function (PDF),
provided that yield is normally distributed.
Hence, the Just-Pope estimation results
show the changes in the yield PDF due to
changes in input levels and other factors.

Just-Pope production function:

y = F(X; a) + u (‘mean’ equation)

D

such that u = G(X; B) X v (‘variance’
equation), where y is yield, X is a vector of
inputs, and v is a standard normal error
term that is independently and identically
distributed across the sample. This implies
that the variance of u = G(X; B)> Here, a
and B are conformable parameter vectors.

The Just-Pope method is superior to con-
ventional production function estimations
that often impose ad hoc restrictions on the
stochastic technology by parameterizing
yield in terms of input levels and append
either an additive or multiplicative random
error term in order to capture the effects of
unobservable, random inputs on output, as
shown in (2) (de Janvry 1972; Bredahl and
Peterson 1976).

y=1(X;8) +u
Additive Error Model
y = gX; yee
Multiplicative Error Model (2)

Here, 8 and vy are conformable parameter
vectors, f and g are functions that express
average yield, y, in terms of inputs, X, and
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TABLE 2. Akaike’s Information Criterion (AIC) val-
ues for the generalized power production function,
quadratic and square root functional form repre-
senting the mean equation in the empirical model of
a Just-Pope production function.

Functional form AlIC
Generalized power production function -0.59
Quadratic 1.15
Square root 1.22

u and e are random error terms such that
the mean of u and e are zero and one, re-
spectively. Implicit technological restric-
tions in such models include: 1) yield var-
iance is either a constant (for the additive
error term) or a multiple of the square of
average output (for the muitiplicative error
term); and 2) all higher moments of yield
are either independent of input levels (for
the additive error term) or are functions of
average output (for the multiplicative error
term) (Antle 1983; McCarl and Rettig
1983). Examples of studies using the Just-
Pope model to investigate production tech-
nologies exist in McCarl and Rettig (1983)
and Lambert (1990).

The Just-Pope model is estimated in
three steps: 1) the parameter vector a is es-
timated by regressing y = F(X; &) + u us-
ing ordinary least squares (OLS); 2) using
the absolute value of the residuals () from
the previous regression as the dependent
variable, B is estimated by OLS regression
of the following equation: In|i} = In[G(X;
B)] + v; and 3) heteroskedasticity is cor-
rected by re-estimating a using a weighted
least squares procedure with the fitted val-
ues from the Yariance equation as weights,
ie, yIGX; B)] = {[FX; e)VIGX; B)]}
+ v. Just and Pope (1978) proved that the
third stage estimates of a are asymptotically
efficient and the second stage estimates of
B are consistent. The mean equation is of
interest in this paper: the variance equation
is used as a heteroskedasticity correction
tool in order to get efficient mean equation
coefficient estimates.

The empirical model specifies explicit
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functional forms for F and G. The gener-
alized power functional form (GPPF) is
used to represent F and the Cobb-Douglas
functional form is used to represent G, as
shown in (3) and (4).

In[y] = In[F(X)]
N
=aq, + 2 a;ln x,
i=1
N N
+ 0.5 al;ln x;In x;
i=1 j=1
N N
+ a;x;n x; 3)
i=1 j=1
N
In[GX)] = Bo + 2, Biln x, @

The GPPF was chosen in the ‘mean’ equa-
tion because of its flexibility (de Janvry
1972). For example, the GPPF can describe
all three stages of production by allowing
the marginal product of an input to be either
positive, zero or negative. This functional
form does not restrict the technical depen-
dence of inputs, i.e., the same inputs are
allowed to be technically complementary or
competitive depending upon their level of
use. The GPPF functional form was com-
pared with two other popular functional
forms: the quadratic and square root forms.
Table 2 presents the Akaike’s Information
Criterion (AIC) values for the Just-Pope
mean equation estimates for the three func-
tional forms. Given that the GPPF has the
smallest AIC, it demonstrates a superior fit
over the quadratic and square root function-
al forms (Greene 1990).

Dependent and independent variables,
developed from the data, are described in
the following section. The regressor selec-
tion process used here was based on mini-
mizing the estimated model’s AIC. In this
method, selected regressors typically have
a higher significance level than the corre-
sponding critical value in the Theil’s ad-
justed R? criterion (Maddala 1992).

The estimated production function (the
Just-Pope mean equation only) was used to
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investigate optimal variable input applica-
tion. An input’s marginal product represents
the additional amount of catfish production
that can be obtained from increasing input
levels by one unit. The average product of
an input is the average catfish yield per unit
of the input. Micro-economic theory indi-
cates that economic input use occurs at lev-
els at which the input’s marginal product is
positive and less than the corresponding av-
erage product (i.e., Stage II production
zone). The paper analyzes the marginal
product of stocking density and feeding rate
by identifying the economic and noneco-
nomic regions of production and character-
izing the impact of increased input appli-
cation on the marginal product of the other
input. This analysis is subsequently extend-
ed to a derivation of optimal stocking and
feeding rates (conditional on input and out-
put prices) by simultaneously solving prof-
it-maximizing necessary conditions.

Results and Discussion

Normal distribution of yield is sufficient
for the Just-Pope method to characterize
catfish yield’s probability distribution func-
tion (Just and Pope 1978; Antle 1983).
D’Agostino and Pearson’s test (1973) of
normality resulted in a test statistic value of
4.118 (P-value for the Chi-squared test sta-
tistic with two degrees of freedom = 0.128)
for the catfish yield survey data. Hence, the
null hypothesis of a normally distributed
yield was not rejected.

Estimated coefficients from the Just-Pope
mean equation are provided in Table 3. The
adjusted R? for the six regressors is 0.52 (R?
= 0.54). This R? value is acceptable for
cross-sectional data for which R? values
tend to be lower than for time-series data
(Nakamura and Nakamura 1998). Stocking
density (fingerlings/ha), feeding rate (kg
feed/ha per yr) and farm size exerted sig-
nificant influence on the annual expected
yield.

Profit-maximizing producers always op-
erate in Stage II of production by using in-
puts to an extent that additional application
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TABLE 3. Coefficient estimates from the Just-Pope
production function model. Dependent variable =
Ln(catfish yield). A * indicates that the coefficient
estimate is significant at a 95% confidence interval.
A Ramsey Test following the Weighted Least
Squares regression in Step 3 of the Just-Pope pro-
cedure indicated no significant heteroskedasticity
present. Adjusted R for the above model = 0.52 (R?

= 0.54).
Coefficient
Regressor estimate t-ratio

Intercept —1.805 -0.231
Ln(farm size) 0.153 2.777*
Ln(stocking density) 3.872 2.313*
Ln(feeding rate) —3.265 —3.728*
[Ln(stocking density)]? -0.185 —1.985*
[Ln(feeding rate)]’ 0.229 3.852%*
Feeding rate X

Ln(farm size) —0.00001 -1.062

of the inputs results in a less than propor-
tionate increase in output (Beattie and Tay-
lor 1985). This implies that in Stage II, the
marginal product of an input is positive and
less than the average product (i.e., the in-
put’s partial production elasticity range be-
tween one, the Stage II lower bound, and
zero, the Stage II upper bound) (Beattie and
Taylor 1985). Assuming that farm size is a
quasi-fixed input, partial production elastic-
ities of the two variable inputs, stocking
density (‘StockDen’) and feeding rate
(‘FeedRate’), are given by: €goupen = {0
In{E(y)]}/{0 In[StockDen]} = 3.872 — 0.37
X In[StockDen] and €g..4re = {9 In[E(y)1}/
{0 In[FeedRate]} = —3.265 + 0458 X
In[FeedRate] — 0.00001 X FeedRate X
In[Farm Size], respectively. Hence, for cat-
fish production, Stage II is characterized by
stocking densities between 2,349 and
35,061 fingerlings/ha per yr and feeding
rates less than 33,254 kg/ha per yr, holding
farm size constant at its sample average (92
ha). Although there is no lower bound for
feeding rate in Stage II, commercial pro-
ducers must feed at a minimum level to
maintain fish stocks and/or promote growth.
In a 1992 survey of catfish production in
Arkansas, Engle and Brown (1997) report-
ed a minimum average annual feeding rate
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of 20.4 kg/ha per d (or 4,899 kg/ha per yr).
Hence, 4,899 kg/ha per yr is adopted as the
minimum feeding rate in this study.

Producers who seek to maximize profits
should increase feeding rates and stocking
densities if they are operating in Stage 1
(characterized by increasing marginal prod-
ucts) and decrease feeding rates and stock-
ing densities if operating in Stage III (char-
acterized by negative, decreasing marginal
products) (Beattie and Taylor 1985). Fig. 1
illustrates the boundaries of the production
stages for stocking density and feeding rate
for a 92-ha farm. The shaded area in Fig. 1
represents input combinations for which the
farm is operating in production Stage II for
both inputs. This area represents the eco-
nomic region of production and demarcates
the minimum and maximum input intensi-
ties that a profit-maximizing producer
should apply.

Since the partial production elasticity of
feeding rate varies with farm size, individ-
ual feeding rate and farm size data were
used to evaluate the percentages of sur-
veyed producers who were operating in
Stages 1, II and III. This evaluation is con-
ditional on the assumption that the empiri-
cal production function estimates an under-
lying technology that is common to the
population of catfish farms targeted by the
survey. Based on results of the NAHMS
survey, most producers were operating in
Stage II (99% and 100% with respect to
stocking and feeding rates, respectively). A
few producers (1%) were operating in Stage
I with respect to stocking (stocking less
than 2,349 fingerlings/ha), and no produc-
ers were operating in Stage III with respect
to both stocking and feeding inputs.

Marginal Product of Stocking Density

Marginal products were calculated for
both stocking densities and feeding rates.
Holding all continuous variables at their
sample means, increasing stocking densities
decreased the marginal product (MP) of
stocking, for all sampled stocking densities
(up to a maximum of 24,700 fingerlings/
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FIGURE 1.
catfish farm.

ha). Projecting the MP of stocking to higher
stocking densities resulted in continued de-
crease of the MP of stocking to nearly zero
at, approximately, 35,061 fingerlings/ha
(Fig. 2). Maximum output corresponds to a
marginal product of zero because additional
input use does not generate an increase in
catfish output (Kay and Edwards 1994).
Thus, at a feeding rate of 9,037 kg/ha per
yr (Table 1), the estimated production func-
tion projected maximum output to occur at
35,061 fingerlings/ha; further increases in
stocking density would begin to result in
decreased catfish production. The profit-
maximizing level of production, however,
will always be less than the point of max-
imum yield. This is because the profit max-

The economic region of production with respect to stocking density and feeding rate for a 92-ha

imizing input application occurs at the point
where their MP is positive and equal to the
ratio of their marginal factor cost and the
output price.

Interactions between stocking and feed-
ing can be shown by the effects of simul-
taneously varying the two inputs on the MP
of stocking density, while holding farm size
constant at the sample average (Fig. 3). Fig.
3 shows that the MP of stocking increases
for higher feeding rates up to 20,000 kg/ha
per yr. More intensive feeding does not ap-
preciably increase the MP of stocking den-
sity. For feeding rates higher than 40,000
kg/ha per yr, the MP of stocking begins to
decrease. Hence, stocking density and feed-
ing rate are technologically complementary
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for feeding rates below 40,000 kg/ha per yr;
at higher feeding rates, the two inputs be-
come technologically competitive (Beattie
and Taylor 1985). The MP of stocking ap-
proaches zero for stocking densities above
30,000 fingerlings/ha irrespective of feed-
ing rate. This indicates that, when account-
ing for both feeding and stocking rates,
maximum yield occurs at about 30,000 fin-
gerlings/ha. At these stocking densities,
farmers should not expect to increase av-
erage yield by increasing feeding rates.

Marginal Product of Feeding Rate

The survey data provided a wide range
of feeding rates, as shown in Table 1. Less
than 10% of the sample consisted of farms
with a feeding rate less than 1,200 kg/ha
per yr. If there are approximately 240 feed-
ing days per production year, 1,200 kg/ha
per yr translates to a feeding rate of 5 kg/
ha per d. Typically, such low feeding rates
are indicative of hobby farms and not com-

mercial, intensive catfish operations (Hei-
kes, University of Arkansas at Pine Bluff,
personal communication). We adopt the En-
gle and Brown (1997) minimum-feeding
rate (4,899 kg/ha per yr) in documenting
the subsequent results.

The MP of feeding rate increased for
feeding rates between 1,200 kg/ha per yr
and 4,899 kg/ha per yr. Holding all other
variables at their sample means, for feeding
rates above 4,899 kg/ha per yr, the MP of
feeding decreases for all higher sampled
feeding rates (Fig. 4). The MP of feeding
rate is projected for feeding rates higher
than the sampled maximum (24,760 kg/ha
per yr), for which it continues to decrease
and is approximately zero at 33,254 kg/ha
per yr. Fig. 4 also illustrates that the average
product of feeding rate is higher than the
corresponding marginal product, for feed-
ing rates less than 33,254 kg/ha per yr.
Hence, producers feeding between 4,899
kg/ha per yr and 24,760 kg/ha per yr were



498

0.70

0.60

0.50 -

040 u

0.30

0.20

Marginal product of stocking density (kg/ha/yr)

0.10

0.00

-0.10

LOSINGER ET AL.

—e— Feeding rate = 5,000 kg/ha/yr

-~ Feeding rate = 10,000 kg/ha/yr
—+— Feeding rate = 20,000 kg/ha/yr
—x— Feeding rate = 40,000 kg/ha/yr
—o— Feeding rate = 49,000 kg/ha/yr

1,000 5,000 9,000 13,000 17,000 21,000 25,000 29,000 33,000 37,000 41,000

Stocking density (fingerlings/ha)

FIGURE 3.

Marginal product of stocking density with respect to stocking for different feeding rates. Calculated

by holding other continuous variables at the sample mean.

operating in production Stage II. The pro-
duction function projects that feeding in ex-
cess of 33,254 kg/ha per yr will make pro-
ducers operate in production Stage III of
feeding, i.e., the high feeding rates will de-
crease catfish yield.

Fig. 5 plots the MP of feeding rate for
progressively higher stocking densities
(from 2,500 fingerlings/ha to 30,000 finger-
lings/ha), in a 92-ha farm. As stocking den-
sity increases, the MP of feeding rate rap-
idly increases, for feeding rates between
4,899 kg/ha per yr and 24,760 kg/ha per yr.
However, stocking more intensively than
25,000 fingerlings/ha does not appreciably
increase the MP of feeding rate. Hence, for
stocking densities between 2,500 finger-
lings/ha and 30,000 fingerlings/ha, feeding
rate is technologically complementary to
stocking density (Beattie and Taylor 1985).

Profit-Maximizing Levels of Stocking and
Feeding

Assuming price-taking behavior of profit
maximizing producers in both input and
output markets, the profit-maximizing nec-
essary conditions indicate that inputs
should be applied until the expected output
price X input-marginal product (also known
as the expected value of the input’s margin-
al product or VMP) is equal to the input’s
expected marginal factor cost (Kay and Ed-
wards 1994). This is illustrated in the fol-
lowing two equations (profit-maximizing
necessary conditions) derived from the es-
timated production function. The profit-
maximizing necessary conditions presume
that producers make optimal input alloca-
tions based on their price expectations. Cat-
fish producers often contract with feed mills
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at a pre-determined price (Heikes, personal  output y

communication). They also have access to _ .
= —1.805 + 0.153 In(FarmS
catfish price projections that are based on exp{[~1.8 n( ize)

historical price data. Using the expected (or + 3.872 In(StockDen)
projected) prices, profit-maximizing opti- — 3.265 In(FeedRate)
mal input levels could be derived by solv-

ing (5) and (6). ~ 0.185{In(StockDen)

X In(StockDen)}
+ 0.229{In(FeedRate)

VMP(stocking density)
y

=Px StockDen X In(FeedRate)}
X [3.872 — 0.37 In(StockDen)] — 0.00001 FeedRate
= expected price/fingerling o) X In(FarmSize)]} and

P = expected output price
VMP(feeding rate)
y Equations (5) and (6) were solved simul-

=pX — taneously for different input and output
FeedRate prices, keeping farm size fixed at the sam-
X [—3.265 + 0.458 In(FeedRate) ple average. A range of output prices and

. feed prices were chosen to illustrate the

— 0.00001FeedRate In(FarmSize)] ,.ce sensitivity of optimal stocking and
expected feed price/kg, (6) feeding rate, profit-maximizing expected
yield, and expected revenue over variable

where costs. The catfish price range ($1.54/kg to
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Marginal product of feeding rate with respect to feeding for different stocking densities. Calculated

by holding other continuous variables at the sample mean.

$1.76/kg) was extracted from the output
price inter-quartile range available in the
NAHMS survey data. Feed prices were un-
available from the survey; a range of 1996
catfish feed prices ($0.22/kg to $0.27/kg)
was provided by the ARKAT feed mill
(ARKAT Feed Mill 1996). Fingerling price
was kept fixed at the sample average
($0.055); typically, fingerling prices have
been relatively stable since 1982 (prices
have increased by only 0.4% per year since
1982) (Engle and Kouka 1996). Price var-
iations are primarily due to different fin-
gerling sizes: 5-cm fish are approximately
$0.02 each and 20-cm fish are $0.08 each.
Fingerling size could potentially affect the
production function. For example, an op-
eration based on stocking 5-cm fingerlings
could experience different feeding require-
ments and mortality rates than one based on
stocking 20-cm fingerlings. Since the data

on fingerling prices (hence, fingerling sizes)
were sparse, the analysis was based on a
uniform fingerling size assumption.

Table 4 reports the profit-maximizing
stocking density, feeding rate, expected
yield and expected revenue over variable
costs for a 92-ha catfish farm. The results
show that the profit-maximizing stocking
and feeding rates are within the economic
region of production, highlighted in Fig. 1.
Application rates for both variable inputs
increase if output price increases and/or
feed price decreases. Similarly, the optimal
expected yield and expected revenue over
variable costs increase if output price in-
creases and/or feed price decreases. For ex-
ample, as catfish price increases from
$1.54/kg to $1.76/kg, the profit-maximizing
stocking density increases from 17,968 fin-
gerlings/ha to 20,655 fingerlings/ha (assum-
ing feed price is $0.25/kg). Similarly, the
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TABLE 4. Profit maximizing stocking and feeding rates, expected yield and expected revenue over variable
costs for a 92-ha catfish farm for varying catfish and feed prices. Fingerling price is fixed at the sample mean
of $0.055.

Optimal Expected
Catfish Stocking density expected revenue over
price Feed price (fingerlings/ha Feeding rate yield variable costs
($/kg) ($/kg) per yr) (kg/ha per yr) (kg/ha per yr) ($/ha)
1.54 0.23 18,910 9,426 2,832 1.153.97
1.65 0.23 20,216 11,529 3,178 1,480.50
1.76 0.23 21,312 13,379 3,454 1,.829.83
1.54 0.25 17,968 7,171 2,447 987.21
1.65 0.25 19.416 9,232 2,820 1,276.77
1.76 0.25 20,655 11,211 3,148 1,601.22
1.54 0.27 16,942 5,222 2,096 885.90
1.65 0.27 18,500 7,047 2,452 1,126.37
1.76 0.27 19,857 8,917 2,794 1,418.09

corresponding profit-maximizing feeding
rate increases from 7,171 kg/ha per yr to
11,211 kg/ha per yr. As feed price increases
from $0.25/kg to $0.27/kg, for a catfish
price of $1.54/kg, the profit-maximizing
stocking density decreases from 17,968 fin-
gerlings/ha to 16,942 fingerlings/ha. The
profit-maximizing feeding rate decreases
from 7,171 kg/ha per yr to 5,222 kg/ha per
yr. Since the optimal stocking density de-
creases with increase of feed price, the
stocking input is an economic complement
of feeding rate (Beattie and Taylor 1985).

Conclusions

This study showed that most of the sur-
veyed catfish farms were operating in Stage
IT (profit-maximizing stage) of production;
only 1% were operating in Stage I with re-
spect to stocking. Farms operating in Stage
I would be better off stocking more inten-
sively and receive a more than proportion-
ate increase in yield. If these farms operate
in Stage II, i.e., stock at least 2,349 finger-
lings/ha, they should experience higher net
returns.

When accounting for both feeding and
stocking rates, maximum yield was deter-
mined to occur at approximately 30,000
fingerlings/ha. Furthermore, highly inten-
sive application rates of stocking and feed-
ing inputs were found to be only modestly
technologically complementary: increasing

feeding rates at these high stocking densi-
ties will not substantially increase yields.

Profit-maximizing stocking densities
ranging from 16,942 to 21,312 fingerlings/
ha increased with catfish prices and de-
creased with higher feed prices (for an out-
put price range from $1.54 to $1.76/kg and
a feed price range from $0.23 to $0.27/kg).
Stocking densities associated with maxi-
mum Yyield (25,000-30,000 fingerlings/ha)
were in a range that has been reported on
catfish farms. Thus, this study indicates that
farmers stocking at these high rates are
probably maximizing yields and not profits.

Lack of survey data related to fingerling
sizes precluded analysis of optimal stocking
size of fingerlings. Additional research is
needed to examine the potential economic
tradeoffs associated with stocking varying
sizes of fingerlings.
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